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FRQVWUXFWLRQ FRVWV DQGPD\ SRVH SXEOLF KHDOWK KD]DUGV GXH WR SURORQJHG VWDJQDWLRQ DQG SRWHQWLDOPLFURELDO HJ
/HJLRQHOODFRQWDPLQDWLRQ,WLVZLGHO\DJUHHGWKDWPHWKRGVIRUHVWLPDWLQJSHDNZDWHUGHPDQGVLQSOXPELQJV\VWHPV
PXVWEHXSGDWHGWREHWWHUUHIOHFW WRGD\¶VKLJKHIILFLHQF\ZDWHUIL[WXUHVDQGUHDOLVWLFDOO\DFFRXQW IRUQRQFRQJHVWHG
FRQGLWLRQVLQDYDULHW\RIHQGXVHDSSOLFDWLRQVHJUHVLGHQWLDOFRPPHUFLDOLQVWLWXWLRQDOHWF
,QUHFHQW\HDUV:LVWRUWSURSRVHGDQHZGLUHFWDQDO\WLFDODSSURDFKIRUHVWLPDWLQJSHDNZDWHUGHPDQGVYDOLGIRUERWK
FRQJHVWHGDQGQRQFRQJHVWHGSHULRGVLQEXLOGLQJVZLWKDODUJHQXPEHURIXVHUV>@:KLOH:LVWRUW¶VPHWKRGPRYHVLQ
WKHULJKWGLUHFWLRQLWVORZHUOLPLWRIXVHLVQRWFOHDUO\GHILQHGDQGFRQVHTXHQWO\LWLVUDUHO\DSSOLHGLQSUDFWLFH6R
HYHQWRGD\KXJHEHQHILWVFDQEHUHDOL]HGVLPSO\E\XSGDWLQJFXUUHQWPHWKRGVIRUHVWLPDWLQJSHDNZDWHUGHPDQGVLQ
EXLOGLQJV 6RPH SRWHQWLDO JDLQV LQFOXGH UHGXFHG FRQVWUXFWLRQ DQG RSHUDWLQJ FRVWV JUHDWHU SURWHFWLRQ IURP KHDOWK
KD]DUGVLPSURYHGZDWHUPHWHUVL]LQJDQGSURYLVLRQRIVDIHVXVWDLQDEOHSOXPELQJV\VWHPVWKDWHQFRXUDJHZDWHUDQG
HQHUJ\FRQVHUYDWLRQDFURVVDEURDGVSHFWUXPRIHQGXVHUV
7KLVSDSHUSURYLGHVDQHZZD\WRHVWLPDWHWKHPDJQLWXGHRISHDNZDWHUGHPDQGVLQDEXLOGLQJ,QFRPELQDWLRQ
ZLWK0RQWH&DUORVLPXODWLRQ WKHSUREDELOLW\PRGHOLVXVHGWRSURGXFHWKHIXOOFXPXODWLYHGLVWULEXWLRQIXQFWLRQRI
ZDWHUGHPDQGVDWDQ\SRLQWDQGDWDQ\WLPHLQWKHGHOLYHU\V\VWHP5HVXOWVDUHVXPPDUL]HGLQDQHZGLPHQVLRQOHVV
GHVLJQFKDUWIRUSHDNZDWHUGHPDQGLQEXLOGLQJV

+XQWHU¶V0HWKRG
:DWHUXVHLQDEXLOGLQJUHIOHFWVWKHGDLO\KDELWVRILWVRFFXSDQWV ,QPDQ\FDVHV WKHUHLVDGLXUQDOSDWWHUQZLWK
GLVWLQFWSHULRGVRIORZDQGKLJKZDWHUXVHDFWLYLW\)URPDGHVLJQVWDQGSRLQWWKHSHULRGRISHDNZDWHUXVHLVPRVW
LPSRUWDQW  7KH SLSLQJ V\VWHP IRU GLVWULEXWLQJ SRWDEOH ZDWHU WR FRQVXPHUV LQ WKH EXLOGLQJ DQG VXEVHTXHQWO\ IRU
FROOHFWLQJQRQSRWDEOHZDVWHZDWHUPXVWEHVL]HG WRUHDGLO\FRQYH\ WKHPD[LPXPIORZH[SHFWHGXQGHU UHDVRQDEOH
RSHUDWLQJFRQGLWLRQV
(YHQLQWKHSUHVHQFHRIDZHOOGHILQHGGLXUQDOVFKHGXOHWKHPDJQLWXGHRIWKHSHDNZDWHUXVHYDULHVXQSUHGLFWDEO\
IURPGD\ WRGD\ 'XH WR WKH UDQGRPQDWXUHRI SHDNZDWHU XVH GHVLJQ IORZV LQEXLOGLQJVPXVW EH HVWLPDWHG DQG
LQWHUSUHWHGLQDSUREDELOLVWLFVHQVH7KUHHNH\IDFWRUVJRYHUQZDWHUXVHLQDEXLOGLQJ
x QXPEHUDQGW\SHRIIL[WXUHVQ
x SUREDELOLW\WKDWDIL[WXUHLVEXV\S
x IORZUDWHDWDEXV\IL[WXUHT
7KHIL[WXUHFRXQWQLVUHDGLO\REWDLQHGIURPWKHDUFKLWHFW¶VSODQRUIURPDQRQVLWHLQVSHFWLRQ7KHIORZUDWHTLVD
SK\VLFDOFKDUDFWHULVWLFRIHDFKIL[WXUHW\SHDQGSUHOLPLQDU\HVWLPDWHVPD\EHREWDLQHGIURPWKHPDQXIDFWXUHU7KH
SUREDELOLW\RIIL[WXUHXVHSLVPRUHHOXVLYH,WGHSHQGVRQWKHW\SHRIIL[WXUHDQGUHIOHFWVWKHKDELWVURXWLQHDQGQHHGV
RIWKHHQGXVHU+XQWHULQFRUSRUDWHGWKHVHWKUHHIDFWRUVQSTLQDPHWKRGIRUHVWLPDWLQJWKHPDJQLWXGHRI
WKHGHVLJQIORZLQDEXLOGLQJ¶VSOXPELQJV\VWHP
+XQWHU¶VPHWKRGIRUDVLQJOHIL[WXUHW\SH
+XQWHUDGRSWHGWKHWKSHUFHQWLOHRIWKHZDWHUGHPDQGGXULQJDSHULRGRIFRQJHVWHGXVHDVWKHGHVLJQVWDQGDUG
&RQJHVWHGXVH LVFRQVHUYDWLYHDVVXPSWLRQEHFDXVH LW LPSOLHV WKHUH LVDTXHXHRIFXVWRPHUVZDLWLQJDWHYHU\ZDWHU
IL[WXUH $VVRRQDVDIL[WXUHEHFRPHVDYDLODEOH LW LVHQJDJHGLPPHGLDWHO\E\DQHZXVHU7KLVVLWXDWLRQDULVHVDW
SXEOLFIDFLOLWLHVZKHUHODUJHFURZGVPD\JDWKHUVXFKDVGXULQJLQWHUPLVVLRQDWWKHV\PSKRQ\RUFKHVWUDRUKDOIWLPHDW
WKHIRRWEDOOVWDGLXP
:DWHUXVHDWDVLQJOHIL[WXUHLVD%HUQRXOOLWULDO(DFKIL[WXUHKDVRQO\WZRSRVVLEOHVWDWHVRQRURIIEXV\RULGOH
$FFRUGLQJO\WZRWLPHLQWHUYDOVDUHLPSRUWDQW>L@WKHDYHUDJHWLPHEHWZHHQVXFFHVVLYHRSHUDWLRQVRIDJLYHQIL[WXUH
GHQRWHG7 DQG >LL@ WKH DYHUDJH GXUDWLRQ RI IORZ IRU D VLQJOH RSHUDWLRQ RI D JLYHQ IL[WXUH GHQRWHG W %RWK DUH
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WKDQDRQHSHUFHQWFKDQFHWKDWWKUHHRUPRUHIOXVKYDOYHVZLOORSHUDWHVLPXOWDQHRXVO\JLYHQQ DQGS 
+HQFHWKHFRQGLWLRQP VLPXOWDQHRXVEXV\IL[WXUHVLVXVHGWRHVWLPDWHWKHGHVLJQORDGRQWKLVSOXPELQJV\VWHP
$VVXPLQJDFKDUDFWHULVWLFIL[WXUHIORZUDWHT JSPSHUIOXVKYDOYHRSHUDWLRQ>@IRUHDFKRIP VLPXOWDQHRXV
EXV\IL[WXUHVWKHGHVLJQIORZLQWKLVH[DPSOHLV4 JSP
+XQWHU¶VPHWKRGIRUPXOWLSOHIL[WXUHW\SHV
7KHH[DPSOHLQ7DEOHFDQEHUHSHDWHGIRUDUDQJHRIQYDOXHVWRHVWDEOLVKDUHODWLRQEHWZHHQGHVLJQIORZDQG
WRWDOQXPEHURIIL[WXUHV7KHUHVXOWZRXOGDSSO\WRWKHVSHFLILFIL[WXUHW\SHLHIOXVKYDOYHLQWKLVFDVH,QDVLPLODU
PDQQHUJUDSKVRIGHVLJQIORZYHUVXVWRWDOQXPEHURIIL[WXUHVFDQEHHVWDEOLVKHGIRURWKHUW\SHVRI IL[WXUHJURXSV
HJ IOXVK WDQNV EDWKWXEV HWF  +XQWHU GLG WKLV DQG IRXQG WKDW HDFK IL[WXUH W\SH SURGXFHG D GLVWLQFW VLJQDWXUH
UHSUHVHQWLQJWKHWKSHUFHQWLOHIORZYHUVXVQXPEHURIIL[WXUHVVHH)LJLQ+XQWHU¶V1%6UHSRUW
%XLOGLQJVKDYHDZLGHDVVRUWPHQWRIIL[WXUHQXPEHUVDQGW\SHV7KHTXHVWLRQWKHQLVKRZVKRXOGWKHIDPLO\RI
IL[WXUHFXUYHVEHFRPELQHGWRJLYHDVLQJOHPDVWHUFXUYHIRUGHVLJQSXUSRVHV"0DWKHPDWLFDOO\WKLVSUREOHPLQYROYHV
WKHFRQYROXWLRQRIELQRPLDO UDQGRPYDULDEOHVKDYLQJGLIIHUHQWSYDOXHV 7KHUH LVQRFORVHGIRUPVROXWLRQ WR WKLV
SUREOHP>@+XQWHUUHFRJQL]HGWKDWLWZDVQRWOHJLWLPDWHWRVLPSO\DGGWKHWKSHUFHQWLOHIORZIURPHDFKLQGLYLGXDO
GHVLJQFXUYH6R+XQWHULQWURGXFHGWKH³IL[WXUHXQLW´FRQFHSWWRUHVFDOHHDFKLQGLYLGXDOIORZFXUYHDQGFROODSVHWKHP
WRDVLQJOHFRPSRVLWHJUDSKJLYLQJWKHWKSHUFHQWLOHSUREDEOHIORZYHUVXVIL[WXUHXQLW7KHILQDOUHVXOWRIWHQFDOOHG
³+XQWHU¶V&XUYH´LVWKHEDVLVIRUSOXPELQJFRGHVDFURVVWKHJOREH>@
,WLVEH\RQGWKHVFRSHRIWKLVSDSHUWRUHSOLFDWHWKHIL[WXUHXQLWFRPSXWDWLRQWKHLQWHUHVWHGUHDGHULVXUJHGWRFRQVXOW
+XQWHU¶VUHSRUW7KHNH\SRLQWLVWKDWIL[WXUHXQLWVSURYLGHGWKHFRPPRQFXUUHQF\WKDWHQDEOHGDQ\DVVRUWPHQW
RIIL[WXUHVWREHFRPELQHGDQGH[SUHVVHGDVDVLQJOHFRPPRQPHWULFLHWRWDOIL[WXUHXQLWVZKLFKLQWXUQPDSSHG
GLUHFWO\ WR D VLQJOH SHDN IORZ HVWLPDWH  (VVHQWLDOO\ +XQWHU GHYHORSHG D FOHYHU JUDSKLFDO DSSUR[LPDWLRQ IRU D
FXPEHUVRPHQXPHULFDOFRQYROXWLRQRSHUDWLRQ
7KHFKLHIGUDZEDFNZLWK IL[WXUHXQLWV LV WKDW WKH\ ODFNDQ LQWXLWLYHSK\VLFDOEDVLVKHQFHZKHQH[WHQGLQJ WKLV
FRQFHSWWRLQFOXGHRWKHUIL[WXUHW\SHVWKHPDLQFKDOOHQJHLVWRILQGDVXLWDEOHYDOXHIRUWKHIL[WXUHXQLWV1RQHWKHOHVV
WKHIL[WXUHXQLWRIIHUHGDQH[SHGLHQWFRPSURPLVHLQDQHUDZKHQFRPSXWDWLRQVZHUHSHUIRUPHGRQVOLGHVUXOHVDQG
WKHUHZDVDQXUJHQWQHHGWRGHYHORSXQLIRUPVWDQGDUGVIRUSUHPLVHSOXPELQJ
:LVWRUW¶V0HWKRG
:LVWRUWSURSRVHGXVLQJWKHQRUPDODSSUR[LPDWLRQIRUWKHELQRPLDOGLVWULEXWLRQWRHVWLPDWHSHDNORDGVRQ
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,QWKLVH[SUHVVLRQ݊௞LVWKHWRWDOQXPEHURIIL[WXUHVLQIL[WXUHW\SHN݌௞LVWKHSUREDELOLW\WKDWDVLQJOHIL[WXUHLQ
IL[WXUH W\SH N LV RSHUDWLQJ LH UXQQLQJZDWHUݍ௞ LV WKH IORZ UDWH DW WKH EXV\ IL[WXUH W\SHN DQG ] LV WKH WK
SHUFHQWLOHRIWKHVWDQGDUGQRUPDOGLVWULEXWLRQ%HVLGHVSURYLGLQJDGLUHFWDQDO\WLFHVWLPDWHRIWKHGHVLJQIORZWKH
VLJQLILFDQWDGYDQWDJHWR:LVWRUW¶VGLUHFWPHWKRGLVWKDWLWDYRLGVWKHIL[WXUHXQLWGLOHPPD,QDGGLWLRQWKHPHWKRGLV
UHDGLO\H[WHQGHGWRRWKHUW\SHVRIIL[WXUHVRSHUDWLQJGXULQJFRQJHVWHGDQGQRQFRQJHVWHGFRQGLWLRQVSURYLGHGVXLWDEOH
YDOXHVIRUSDQGTDUHDYDLODEOH
7KHPDLQFDXWLRQZLWK:LVWRUW¶VPHWKRGFRQFHUQVWKHEHKDYLRXUDWWKHWDLOVRIWKHSUREDELOLW\GLVWULEXWLRQ7KH
ELQRPLDOGLVWULEXWLRQLVERXQGHG[QZKHUHDVDVWKHQRUPDOGLVWULEXWLRQLVXQERXQGHG$SRRUILWDWWKHWDLOV
RI WKH GLVWULEXWLRQ FDQ OHDG WR LQDFFXUDFLHV ZKHQ HVWLPDWLQJ WKH WK SHUFHQWLOH WKH WKUHVKROG QHHGHG IRU GHVLJQ
SXUSRVHV$VDJXLGH:LVWRUW¶VPHWKRGZLOOSURYLGHDFFXUDWHUHVXOWVZKHQWKHFRQGLWLRQVQS!DQGQS!DUH
PHW>@7KHVHFULWHULDHVWDEOLVKDOLPLWRQWKHPLQLPXPQXPEHURIGRZQVWUHDPIL[WXUHVWKDWVKRXOGEHLQSODFHZKHQ
XVLQJ:LVWRUW¶VPHWKRG
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,QDVLPLODUPDQQHUWKHUHPDLQLQJPXWXDOO\H[FOXVLYHRXWFRPHVIRUILYHEXV\IL[WXUHVFDQEHFRPSXWHGDQG
VXPPHGWRJLYHWKHSUREDELOLW\RIKDYLQJH[DFWO\RXWRIEXV\IL[WXUHV7KLVVWUDWHJ\ZRXOGEHDSSOLHGXQWLODOO
SRVVLELOLWLHVIRU[^[ «`KDYHEHHQH[KDXVWLYHO\HQXPHUDWHG7KHUHVXOWLQJIORZVDUHWKHQUDQNHGDQG
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:KLOHVLPSOHLQSULQFLSOHHQXPHUDWLRQLVQRWSUDFWLFDO'XHWRFRPELQDWRULDOH[SORVLRQWKHVL]HRIWKHSUREOHPJURZV
JHRPHWULFDOO\(QXPHUDWLRQLVKHOSIXOWRYLVXDOL]HWKHSUREOHPEXWVXLWDEOHRQO\ZKHUHQLVVPDOO
7DEOH3UREDELOLW\GLVWULEXWLRQRIEXV\IL[WXUHVLQDK\SRWKHWLFDOVLQJOHIDPLO\KRXVHKROG
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FRPSDUHTXLWHIDYRUDEO\ZLWKWKH0RQWH&DUORDQGH[DFWUHVXOWV7KLVSURPSWVWKHTXHVWLRQ³8QGHUZKDWFRQGLWLRQV
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FRXQW7KLVSUREOHPFDQEHUHPHGLHGLIWKHGDWDDUHSUHVHQWHGLQGLPHQVLRQOHVVIRUP


)LJ3HDNZDWHUXVHIURP0RQWH&DUORVLPXODWLRQRIEXLOGLQJV5XQGHWDLOVDUHJLYHQLQ7DEOH
7UDQVIRUPHGD[HV
)RUWKH[D[LVLQWURGXFHDQHZLQGHSHQGHQWYDULDEOH  + Q S 
  

 
.
N N
N
Q S
+ Q S 3
  
¦
  
$OO WHUPVRQ WKH ULJKW KDQG VLGHRI(T KDYHEHHQSUHYLRXVO\GHILQHG3 LV JLYHQ LQ(TXDWLRQ D 7KH
QXPHUDWRUUHSUHVHQWVWKHH[SHFWHGQXPEHURIEXV\IL[WXUHVLQDFROOHFWLRQRI.IL[WXUHJURXSV7KHGHQRPLQDWRULV
WKHSUREDELOLW\WKDWDWOHDVWRQHIL[WXUHLQRQHRIWKHJURXSVLVRSHUDWLRQDO+HQFHWKHH[SUHVVLRQLQUHSUHVHQWV
WKHH[SHFWHGQXPEHURIEXV\IL[WXUHVJLYHQWKDWWKHEXLOGLQJLVXVLQJZDWHU:KHQQS!WKH:LVWRUWDSSURDFKFDQ
EHXVHG)RUWKLVFRQGLWLRQ3JRHVWR]HURDQGKHQFH(TXDWLRQVLPSOLILHVWR
 

 
.
N N
N
+ Q S QS Q S
 
!  ¦   
7KLVYHUVLRQDJUHHVZLWK WKHFRQYHQWLRQDOELQRPLDOH[SUHVVLRQ IRU WKHXQFRQGLWLRQDOH[SHFWHGQXPEHURIEXV\
IL[WXUHVLQ.IL[WXUHJURXSV)RUWKH\D[LVLQWURGXFHDGLPHQVLRQOHVVGHVLJQIORZ4DQS
  44 Q S TDD    
ZKHUH
 


. .
N N
N N N N.
N N
N N
N
Q ST T ZLWK DQG
Q S
E E E
  
 
   ¦ ¦¦
 
7ULDO
7ULDO
3H
DN
:
DWH
U8
VH
J
SP
 WK3HUFHQWLOH
      
Q







1021 T. Omaghomi and S. Buchberger /  Procedia Engineering  89 ( 2014 )  1013 – 1022 
7KHQXPHUDWRULQ(TXDWLRQLVWKHĮSHUFHQWLOHRIWKHSHDNIORZ7KLVSHUFHQWLOHFDQEHREWDLQHGIURP:LVWRUW¶V
DSSURDFKLIQS!RUIURPDQHPSLULFDO&')JHQHUDWHGE\0RQWH&DUORPHWKRGVGHVFULEHGHDUOLHU7KHGHQRPLQDWRU
LQ(TXDWLRQLVDUHSUHVHQWDWLYHDYHUDJHIORZIRUDEXV\IL[WXUHLQWKH.IL[WXUHJURXSFROOHFWLRQ,WFDQEHYLHZHG
DV DQ RSSRUWXQLW\ZHLJKWHG IORZ YDOXH ZKHUH EN DUH WKH ZHLJKWV  +HQFH WKH H[SUHVVLRQ LQ  UHSUHVHQWV D
GLPHQVLRQOHVVGHVLJQGLVFKDUJHWKDWKDVEHHQUHVFDOHGLQWHUPVRIDIL[WXUHOHYHOH[SHFWHGIORZUDWH
7KHPLQLPXPYDOXHIRUERWK+QSDQG4DQSLVRQH7RVHHWKLVVHW. DQGQ LHWKHUHLVMXVWDVLQJOH
IL[WXUHVRWKDWE DQG4Į T7KHQ(TXDWLRQVDQGUHGXFHWR
     

  

  

     
N
N
N N
N
S 4S T+ Q S DQG 4 Q S3 S TT
D
D
E
 
 
          
¦
¦
 
+HQFHWKHRULJLQIRUWKHGLPHQVLRQOHVVGHVLJQFKDUWLV+ 4 7KLVVLPSO\FRQILUPVWKDWWKHGHVLJQIORZIRU
DVLQJOHRSHUDWLQJIL[WXUHPXVWPDWFKWKHFKDUDFWHULVWLFIORZIRUWKDWIL[WXUH
8QLYHUVDOGLPHQVLRQOHVVGHVLJQFXUYH
7KHGDWDSRLQWVLQ)LJDUHUHSORWWHGLQ)LJZKHUHWKHUDQGRPVFDWWHURIGDWDSRLQWVFROODSVHVWRDZHOO
GHILQHGUHODWLRQVKLSEHWZHHQ+QSDQG4QS7KHJUDSKLVFRQVLGHUHGXQLYHUVDOLQWKHVHQVHWKDWLWDSSOLHVWRDQ\
DUELWUDU\FRPELQDWLRQRIIL[WXUHVWKDWRSHUDWHOLNHLQGHSHQGHQW%HUQRXOOLWULDOVZLWKS)RUWKHUHJLRQLQ)LJ
ZKHUH +QS! WKH SUREDELOLW\ RI H[SHULHQFLQJ ]HUR IORZ LV YDQLVKLQJO\ VPDOO LH 3   ,Q WKLV FDVH WKH
GLPHQVLRQOHVVGHVLJQGLVFKDUJHIRUWKHWKSHUFHQWLOHLVZHOOGHVFULEHGZLWKWKHIROORZLQJUHODWLRQVKLS
  > @      4 Q S ] 4 + Q S  4   
7KHH[SUHVVLRQLQLVDGLPHQVLRQOHVVYDULDWLRQRI:LVWRUW¶VHTXDWLRQ>VHH(TXDWLRQ@+HUH] 
LVWKHWKSHUFHQWLOHRIWKHVWDQGDUGQRUPDOGLVWULEXWLRQDQG44LVWKHWKHRUHWLFDOFRHIILFLHQWRIYDULDWLRQRIWKHWRWDO
EXLOGLQJGHPDQGGXULQJWKHSHDNSHULRGFRPSXWHGDVIROORZV
> @ > @> @    
. .
N N N N N N N
N N
44 Q S S T Q S T4
V
P   4   ¦ ¦   


)LJ8QLYHUVDOGLPHQVLRQOHVVGHVLJQFXUYHIRUSHDNZDWHUGHPDQGLQDEXLOGLQJ
'L
PH
QV
LRQ
OHV
V3
HD
N:
DWH
U8
VH
WK3HUFHQWLOH
+QS
    






1022   T. Omaghomi and S. Buchberger /  Procedia Engineering  89 ( 2014 )  1013 – 1022 
([DPSOH
7KHGLPHQVLRQOHVVGHVLJQFXUYH LVGHPRQVWUDWHGZLWKSDUDPHWHUVIRU WKHVLQJOH IDPLO\UHVLGHQFH OLVWHG LQ
7DEOH7RPLPLFPRUHWKDQRQHKRPHGDWDLQ7DEOHDUHVFDOHGXSDVQHFHVVDU\HJWZRKRPHVKDYHWZLFHDV
PDQ\ IL[WXUHVDVRQHKRPH (TXDWLRQ JLYHV T  JSP 5HVXOWV IRU VL[FDVHV UDQJLQJ IURP WR
KRPHV VXPPDUL]HG LQ 7DEOH  VKRZ H[FHOOHQW DJUHHPHQW EHWZHHQ WKH GLPHQVLRQOHVV GHVLJQ IORZV SURYLGHG E\
(TXDWLRQDQG WKH0RQWH&DUORGDWDSORWWHG LQ)LJ 7KHDFWXDOGHVLJQ IORZV4 LQJSPDUHIRXQGDV WKH
SURGXFW4  T u4QS1RWHWKDWWDEXODWHGUHVXOWVIRURQHDQGWZRKRPHVVKRXOGEHYLHZHGZLWKFDXWLRQVLQFH
QHLWKHUFDVHVDWLVILHVWKHFULWHULRQ+QS!IRUSURSHUDSSOLFDWLRQRI(TXDWLRQ
7DEOH3UHGLFWHGSHDNIORZVXVLQJGDWDIURP7DEOHLQ(TXDWLRQ
+RPHV 7RWDO)L[WXUHV
P>4@
JSP
V>4@
JSP 4>4@ 3 +QS 4QS
4
JSP
        
        
        
        
        
        
&RQFOXGLQJ5HPDUNV
$QHZXQLYHUVDOGLPHQVLRQOHVVGHVLJQFKDUWIRUHVWLPDWLQJSHDNZDWHUGHPDQGVLQEXLOGLQJVLVSURSRVHG,WGRHV
QRWUHO\RQFRQYHQWLRQDOIL[WXUHXQLWVDQGLVQRWFDOLEUDWHGWRDQ\SDUWLFXODUIL[WXUH+HQFHWKHIRUPXODWLRQZLOOUHPDLQ
YDOLGHYHQDVZDWHUXVHKDELWVFKDQJHDQGIL[WXUHW\SHVHYROYHLQWKHIXWXUH7KHNH\LQGHSHQGHQWYDULDEOHLV+QS
WKHH[SHFWHGQXPEHURIEXV\IL[WXUHVJLYHQWKDWWKHEXLOGLQJLVUXQQLQJZDWHU)RU+QS!WKHDSSURDFKUHGXFHVWR
DGLPHQVLRQOHVVYHUVLRQRI:LVWRUW¶VIRUPXOD7KHGHVLJQFKDUWLVDSSOLFDEOHWRDQ\HQGXVHUDQGFDQDFFRPPRGDWH
DQ\QXPEHUDQGW\SHRIIL[WXUHVSURYLGHGWKHFKDUDFWHULVWLFSUREDELOLW\RIXVHSDQGWKHIORZUDWHTIRUHDFKIL[WXUH
DUHNQRZQ)XUWKHUZRUNLVQHHGHGWRHVWDEOLVKDJOREDOOLEUDU\RISDQGTYDOXHVIRUDOOIL[WXUHVDQGWRGHYHORSDQ
H[SOLFLWGHVLJQH[SUHVVLRQIRUVPDOO+QS
5HIHUHQFHV
>@ 5%+XQWHU%060HWKRGVRI(VWLPDWLQJ/RDGVRQ3OXPELQJ6\VWHPV:DVK'&861%6
>@ 6*%XFKEHUJHU(-0%ORNNHUDQG'&ROH(VWLPDWLQJSHDNZDWHUGHPDQGVLQK\GUDXOLFV\VWHPV ,&XUUHQWSUDFWLFH LQ3URF:DWHU
'LVWULEXWLRQ6\VWHP$QDO\VLV:6'$$GHODLGH$XVWUDOLD
>@ $PHULFDQ:DWHU:RUNV$VVRF6L]LQJ:DWHU6HUYLFH/LQHVDQG0HWHUV$::$0DQ0'HQYHU&2
>@ 5$:LVWRUW³$QHZORRNDWGHWHUPLQLQJZDWHUGHPDQGVLQEXLOGLQJ$63(GLUHFWDQDO\WLFPHWKRG´LQ7HFKQLFDO3URF$PHULFDQ6RFRI
3OXPELQJ(QJUV&RQYHQWLRQ.DQVDV&LW\02$63(SS
>@ %XWOHU.DQG06WHYHQV7KHGLVWULEXWLRQRIDVXPRIELQRPLDOUDQGRPYDULDEOHV7HFKQLFDO5HSRUW2IILFHRI1DYDO5HVHDUFK
>@ ,$3028QLIRUP3OXPELQJ&RGHWKHGYRO2QWDULR&$,$302
>@ 5(:DOSROH5+0\HUVDQG6/0\HUV3UREDELOLW\DQG6WDWLVWLFVIRU(QJLQHHUVDQG6FLHQWLVWVWKHG8SSHU6DGGOH5LYHU1-3ULQFH
+DOO
>@ (-0%ORNNHU -+*9UHHEXUJ DQG -& YDQ'LMN6LPXODWLQJ UHVLGHQWLDOZDWHU GHPDQGZLWKD VWRFKDVWLF HQGXVHPRGHO - RI:DWHU
5HVRXUFH3ODQQLQJ0DQDJHPHQW
>@ 6*%XFKEHUJHUDQG=/L353V\P0RGHOLQJV\VWHPIRUVLPXODWLRQRIVWRFKDVWLFZDWHUGHPDQGVLQ3URFHHGLQJV$6&((:5,$QQXDO
&RQIHUHQFH7DPSD)/


 )RUFRPSDULVRQRQO\(TXDWLRQQRWVWULFWO\YDOLGVLQFH+QS
